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ABSTRACT. The insect repellents 3535 (ethyl butylacetylaminopropionate or IR3535) and deet (MN-diethyl-
3-methylbenzamide) were prepared as 2OVa solutions in absolute ethanol and evaluated fbr repellency against
many mosquito species in Thailand under laboratory and field conditions using human subjects. In the laboratory,
0.1 ml was applied per 3O-cm'  of exposed area on a volunteer's forearm (0.66-0.67 mg active ingredient [AI]/
cm2), whereas in the field, volunteers' legs (from knee to ankle, with a surface area of about 712-782 cm2) were
treated with 3 ml per exposed area (0.76-0.84 mg Al/cm' ). In the laboratory, both IR3535 and deet showed
equal repellency (P > 0.05) for 9.8 and 9.7 h against Aedes aegypti, for 13.1 and 12.1 h against Culex quin-
quefasciatus, and for 14.8 and 14.5 h against Cx. tritaeniorhynchus, respectively. Anopheles dirzs was signifi-
cantly less sensitive to IR353-5 than to deet (P < 0.05), with a mean protection time of 3.8 and 5.8 h, respectively.
Under field conditions, both IR3535 and deet provided a high degree of protection against various mosquito
vectors ranging from 94 to looa/a during the test periods. Both repellents provided a high level of protection for
at least 8 h against Ae. albopictus and for at least 5 h against Cr. gelidus, Cx. tritaeniorhynchus, Cx. quinque-
fasciatus, Mansonia dives, Ma. uniformis, Ma- annulata, Ma. annuliftra, Anopheles minimus, andAn. maculatus.
This study clearly documents the potential of IR3535 for use as a topical treatment against a wide range of
mosquito species belonging to several genera.
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INTRODUCTION
Mosquito-borne diseases, such as malaria, filari-
asis, dengue fever, dengue hemorrhagic fever, yel-
low fever, and encephalitis are still some of the ma-
jor public health problems for people in tropical
countries (Service 1993). Up to the present time,
no effective vaccine has been available fbr protec-
tion from these diseases, except yellow fever and
Japanese encephalitis. Therefore, protection from
mosquito bites is I of the best strategies to prevent
these diseases or reduce their incidence. Since the
late 1950s, deet (N,N-diethyl-3-methylbenzamide)
has been I of the most commonly used repellents
against a broad range of mosquitoes and other bit-
ing insects (Smith 1957, Thavara et al. 1990, Co-
leman et al. 1993). However, several workers have
reported occasional risks resulting from the topical
use of deet. Contact ur.ticaria syndrome due to ap-
plication of deet was reported by Maibach and
Johnson (1975). Zadikoff (1979) reported 2 cases
and Edwards and Johnson (1987) reported I case
of toxic encephalopathy in children. Reuveni and
Yagupsky (1982) reported skin eruptions in 10 sol-
diers after application of 5OVo deet. Recently, Qiu
I National Institute of Health, Department of Medical
Sciences, Ministry of Public Health, 88/7 Tiwanon Road,
Nonthaburi 110O0, Thailand.
, Of1ice of Vector-borne Disease Control No. 2, De-
partment of Communicable Disease Control, 18 Boon-
ruangrit Road, Chiang Mai 50200, Thailand.
3 Department of Statistics, Faculty of Commerce and
Accountancy, Chulalongkorn University, Phayathai Road,
Pathumwan, Bangkok 10330, Thailand.
et al. (1998) reviewed the pharmacokinetics, for-
mulations, and safety of deet, and concluded that
deet exhibits a good margin of safety, but does
manifest some adverse effects in humans. To find
safer and more acceptable repellents for topical use,
many workers have searched for other chemicals
providing repellency equal to or better than that ob-
tained from deet (Schreck and McGovern 1989,
Coleman et al. 1993, Frances et al. 1996, Walker
et al. 1996, Yap et al. 1998, Debboun et al. 1999).
Insect repellent 3535 (ethyl butylacetylaminopro-
pionate or IR3535) is considered to have a high
margin of safety to humans, including infants, and
lack of toxic effects when recommended usage is
followed (U.S. EPA 1999).
This study was designed to evaluate the repel-
lency of IR3535 against mosquito vectors under
both laboratory and field conditions. In the labo-
ratory, the tests were conducted against 4 mosquito
species. Field evaluations were carried out in 5
provinces of Thailand to cover a broad range of
mosquito vectors. The most commonly used repel-
lent, deet, was used as the standard against which
the efficacy of IR3535 was evaluated.
MATERIALS AND METHODS
Test materials.' Two repellents, IR3535 (purity
99.8Vo; provided by Merck KgaA, Darmstadt, Ger-
many) and deet (purity 99.3Vo; purchased on the
market), were evaluated. The repellents were pre-
pared as 2O7o (w/w) solutions in absolute ethanol.
Test mosquitoes in the laboratory: The mosqui-
toes used in this study were laboratory-reared fe-
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male Aedes aegypti (L.), Culex quinquefosciatus
Say, Culex tritaeniorhynchus Glles, and Anopheles
diru.s Peyton and Harrison. These mosquitoes were
reared according to the standard protocol of the Bi-
ology and Ecology Section, National Institute of
Health, Ministry of Public Health, Thailand, and
maintained in the insectary of the institute. Sugar-
fed, 3- to S-day-old females of these mosquitoes
were used in laboratory repellent tests. Before test-
ing, the mosquitoes were starved for 24 h. The tests
against Ae. aegypti were carried out from 0600 to
1800 h, whereas those against Cx. quinquefascia-
tus, Cx. tritaeniorhynchus, and An. dirus were con-
ducted between l80O and 0600 h. However be-
cause our preliminary study found that both
repellents could protect against biting of Cx. quin-
quefasciatus and Cx. tritaeniorhynchus for more
than 12 h, the treatments were then applied at 1400
h, 4 h before the beginning of each test against the
2 species.
Laboratory repellent test procedure.' The tests
were conducted at the National Institute of Health,
Thailand, in a room maintained at 27 -r 2"C and
relative humidity 7O + lOVo. The light intensity was
regulated at 300-500 lux for the testing of day-
biting mosquitoes and at about 10-50 lux for the
night biters. The evaluation method used was sim-
ilar to that described by Tawatsin et al. (2001). For
testing, 0. 1 ml of the 2OVa solution of IR3535 (0.67
mg active ingredient [Al]/cm' ) was applied onto a
3 X l0-cm marked area of I forearm of each of 3
human volunteers (25-37 years old) and a similar
dose of deet (0.66 mg Al/cm' ) was applied to the
other forearm. Each arm was covered by a paper
sleeve with a 3 x lo-cm exposed area correspond-
ing to the marked and treated site. After treatment,
every 30 min, each volunteer put the arm into a
mosquito cage (30 X 30 X 30 cm) containing 250
female mosquitoes and left the arm there for 3 min.
Before the start of each exposure period, mosqui-
toes were tested for their readiness to bite by plac-
ing an untreated bare hand of each volunteer into a
test mosquito cage for up to 15 sec for Ae. aegypti,
and for up to 30 sec for Cx. quinquefasciatus, Cx.
tritaeniorhynchus, and An. dirus. The mosquitoes
were blown from the hand before any blood was
taken. If at least 2 mosquitoes landed or bit (gen-
erally many more mosquitoes bit during this period)
the hand, the repellency test was carried out, oth-
erwise the test was not conducted. For the actual
test, the number of biting mosquitoes on the
marked area was recorded at each interval until ei-
ther 2 bites occurred in a single 3-min exposure
period, or I bite occurred in each of 2 consecutive
exposure periods. At this point the test was termi-
nated. The duration between the application of re-
pellent and the first 2 bites or 2 bites in successive
observations was recorded as the protection time.
Field test sites.' The field evaluations were car-
ried out in various areas of Thailand during both
day and night to include a wide range of mosquito
Fig. 1. Map of Thailand showing the study sites.
species. First, Surat Thani, a province in southern
Thailand, was selected to conduct the tests against
day-biting mosquitoes. Aedes albopicrzs (Skuse)
was the dominant daytime biter here. Several prov-
inces in other regions of Thailand (Mae Hong Son,
Nonthaburi, Nakhon Si Thammarat, Surat Thani,
and Satun) were chosen to run the tests against
night-biting mosquitoes. Test sites are shown in
Fig. l .
Field evaluation procedure: The human-bait
method was used to evaluate the efficacy of the test
repellents (WHO 1996). In the treated group of 6
adult volunteers (18-42 years old), each person was
treated with IR3535 on 1 leg and deet on the other
leg. The volunteers rolled their pants up to their
knees. These 2 repellents were directly applied to
lower part of their legs, from the knee to the ankle.
Three milliliters of tl:re 2OVo repellent solutions
were applied to each leg (surface area of about
712-782 cm2), providing dosages of about 0.77-
O.84 mg AUcrr:2 for IR3535 and 0.76-0.84 rng AU
cm2 for deet. Nothing was applied to the legs of 6
other adult volunteers (18-42 years old) assigned
as controls. Assessments of the efficacy of the tests
were conducted by comparisons between control
(untreated) and treated volunteers. The volunteers
were seated in pairs, each pair consisting of I con-
trol and I treated volunteer sitting about I m apart
from each other. The pairs were located at least 5
m away from any other pair. The tests were run in
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Fig.2. Relative repellency (mean + SE) of IR3535 and deet against 4 mosquito species under laboratory conditions.
protected locations with minimal wind disturbance
where mosquito landing or biting activity was high.
The pairs of volunteers sat on chairs and collected
all of the mosquitoes landing on or biting their legs
in the speci{ied area for a 10-min period. Each ex-
posure period was followed by a 10-min break be-
fore the next mosquito collection was conducted.
Each hour of the test included 3 mosquito collec-
tions and 3 breaks. The tests were conducted for 8
h (0900-1700 h) against day-biting mosquitoes,
whereas tests against night-biting mosquitoes were
carried out for 5 h (1900-2400 h). The captured
mosquitoes were brought to the laboratory and
identified to species under a stereomicroscope. The
percentage reduction in landing and bites during
every hour of test was calculated according to Mani
et al.  (1991) and Yap et al.  (1998):
C - T
percentage reduction X 100.
where C is the number of mosquitoes collected by
the control volunteers and Z is the number collected
by the treated volunteers.
Statistical analysis: The repellency comparisons
of IR3535 and deet under laboratory conditions
against each mosquito species were analyzed as
mean protection time comparisons using Student's
/-test. For field evaluations, percentage reduction
for each hour was transformed to log (x + 1) for
analysis of variance (Yap et al. 1998). The trans-
formed data were analyzed for analysis of variance
and mean comparisons using the SPSS program
(version 9.0) (SPSS Inc., Chicago, IL).
RESULTS AND DISCUSSION
Laboratory tests
Relative repellency (mean protection time) under
laboratory conditions provided by IR3535 and deet
against the 4 mosquito species is shown in Fig. 2.
Both IR3535 and deet demonstrated equal repellen-
cy (P > 0.05) for 9.8 and 9.7 h against Ae. aegypti,
for 13.1 and 12.7 h against Cx. quinquefasciatus,
and for 14.8 and 14.5 h against Cx. tritaeniorhyn-
chus, respectively. Mean (+SE) biting on the con-
trol areas (the untreated bare hands) for Ae. aegypti,
Cx. quinquefasciatus, and C"r. tritaeniorhynchus
was 4.7 -+ O.2, 4.8 r- 0.3, and 3.7 + 0.3 bites,
respectively. On the other hand, An. dirus was sig-
nificantly less sensitive to IR3535 than to deet (P
< 0.05), with mean protection time of 3.8 and 5.8
h, respectively. Mean (+SE) biting on the control
areas for An. dirus was 2.6 + 0.3 bites. With regard
to deet, Frances et al. (1996) found that ZOVo deet
provided protection from An. dirus (6-7 days old)
bites for an average of 105 min in a test cage con-
taining 200 mosquitoes. This protection time is
shorter than that found in our studies using 4- to 5-
day-old mosquitoes. This discrepancy between the
2 studies can be explained in terms of different
evaluation procedures and different responses in
different species or populations of the same species.
Such differences in response to chemical repellents
have been reported by Rutledge et al. (1978) and
Robert et al. (1991), where variable responses in
time and location have been noted.
Ae. aegtpti Cx. quinquefasciatus Cx. tritaeniorlrynchus An. dirus
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Table 1. The relative efficacy of IR3535 and deet against day-biting mosquitoes (Aedes albopictzs) over an 8-h
exposure period (0900-1700 h) in April and July 1999, at Surat Thani, Thailand.
Reduction (7o) of mosquito bites during 8 h of exposure
r93
Repellent Mean :L SEr
April
July
IR3535
Deet
IR3535
Deet
100
95.9
100
100
97.8
95.7
t00
100
98.6 98.9 97.5
9'7.3 98.9 97.5
100 100 r00
100 loo 100
94
94
100
100
100 100 98.4 + O.'7 a
100 100 97.4 + 0.8 a
100 100 100 + 0 b
100 100 100 + 0 b
rMeans in this column fbllowed bv different letters are sisnilicantlv different from each other (P < 0.05).
Field tests
The relative efficacies ofIR3535 and deet against
day-biting mosquitoes in the field at Surat Thani,
Thailand, studied in April and July 1999, are pre-
sented in Table 1. In the April test, IR3535 and deet
provided an average reduction of field mosquito
bites of 98 and 977o, respectively, during the 8 h
of exposure period. In the April test, only 9 and 14
mosquitoes, all Armigeres subalbatus (Coquillett)
were caught on the volunteers treated with IR3535
and deet, respectively (mosquito collections on the
untreated volunteers are presented in Table 3), dur-
ing the entire 8 h of testing. In the July test, the 2
repellents provided complete repellency against
mosquitoes during the test period of 8 h.
The relative repellencies of IR3535 and deet
against night-biting mosquitoes at various study
sites are shown in Table 2. The 2 repellents yielded
equally excellent repellency with almost complete
prevention of mosquito landing and biting in the 4
study sites. Note that no significant difference was
found in efficacy of both repellents among the test
sites and the test months (P > 0.05). At Nakhon Si
Thammarat (July), deet provided complete reduc-
tion of mosquito bites, whereas IR3535 gave an
average of 99Vo protection over the 5-h exposure
period. In fact, only I Culex sitiens Wiedemann bit
1 of the 6 volunteers treated with IR3535. At Mae
Hong Son, IR3535 showed an average of 99Vo bit-
ing reduction in July and August, whereas deet
gave an average of 98 and 99Vo redtction, respec-
tively. In the July test, only 3 and 6 mosquitoes
were captured on the 6 volunteers treated with
IR3535 and deet, whereas in August, 2 and 1 mos-
quitoes were captured by the treated group, respec-
tively. These very few mosquitoes caught belonged
to 2 species, Anopheles hyrcanus (Pallas) and
Anophele s minimus Theobald.
The total number of mosquitoes caught by the
volunteers of the control group and predominant
species are presented in Table 3. For repellency
tests conducted against day-biting mosquitoes in
Surat Thani, the mosquitoes captured on controls
belonged to 3 species: Ae. albopictus, Ar. subal-
batus, and Coquillettidia crassipes (Van der Wulp).
In the April test, both Ae. albopictus and Ar. sub-
albatus mosquitoes were caught on the untreated
volunteers, whereas in July, Ar. subalbatu,t was re-
placed by Cq. crassipes. Therefore, we conclude
that both IR3535 and deet provide complete repel-
lency of Ae. albopictus and Cq. crassipes for at
least 8 h under field conditions. For the tests con-
ducted against night-biting mosquitoes in Nakhon
Si Thammarat, Nonthaburi, Satun, and Mae Hong
Son, the mosquitoes caught by the control groups
included 13 species belonging to 3 genera. These
were Anopheles maculatus Theobald, An. hyrcanus,
An. minimus, Anophe le s p s eudowillmori Theobald,
Table 2. The relative efficacy of IR3535 and deet against night-biting mosquitoes over a 5-h exposure period
(1900-2400 h) in tests conducted from April to August 1999, at various locations in Thailand.
Reduction of mosquito bites (Vo) during 5 h of exposure
Studysi te(province) Month Repel lent  |  2 3 4 5 Mean+SEI
Nakhon Si Thammaral
Nakhon Si Thammarat
Nonthaburi
Satun
Mae Hong Son
Mae Hong Son
100 100
100 100
94.t 100
100 100
100 100
r00 100
100 100
100 100
97.1  98
94.2 100
100 93.8
100 100
April
July
May
July
July
August
IR3535
Deet
IR3535
Deet
rR3535
Deet
IR3535
Deet
IR3535
Deet
rR3535
Deet
100
100
r00
100
100
to0
100
100
100
97.4
100
t00
100
100
100
100
r00
100
r00
100
lo0
97.4
r00
96.4
r00
100
100
100
100
100
100
100
100
r00
100
100
1 0 0 + 0
1 0 0 + 0
98.8  +  1 .2
1 0 0 + 0
1 0 0 + 0
1 0 0 + 0
1 0 0 + 0
1 0 0 + 0
99.0 + 0-6
97.8  +  l . l
98 .8  +  1 .2
99.3 + 0.7
I Mems of all treatments at all locations ile not significantly different from each other (p > 0.05)
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Anophe le s s aw adw ongpo rni Rattarnrithikul and
Green, Culex gelidus Theobald, Cx. quinquefascia-
tus, Cx. sitiens, Cx. tritaeniorhynchus, Mansonia
annulata Leicester, Mansonia annulifera (Theo-
bald), Mansonia dives (Schiner), and Mansonia un-
iformis (Theobald).
It is quite clear that in Nakhon Si Thammarat
both in April and July, significant numbers of Culex
species and 3 Mansonia species were landing on
and biting the control groups (Table 3). The 2 test
repellents provided almost complete protection
from the Culex species (see Table 3). In Satun, the
mosquitoes biting during the test were Ma. dives
and Ma. uniformis, with the repellents again pro-
viding complete protection during the test period.
In the Mae Hong Son area in July and August, 5
species of Anopheles were actively landing and bit-
ing the control groups during the test periods (see
Table 3). Treatment with IR3535 and deet provided
94-l0OVo protection from landing and biting of
these Anopheles mosquitoes. No rash, skin irrita-
tion, or hot sensation was observed on arms and
legs of the test volunteers treated with IR3535 and
deet during and after application.
In summary, IR3535 demonstrated excellent re-
pellency (lOOVa protection in most tests) against
both day- and night-biting mosquitoes under labo-
ratory and field conditions. A high degree of pro-
tection averaging 94-lOO7o was observed under a
variety of field conditions for the various biting
mosquitoes. Therefore, this study clearly indicates
the potential of IR3535 for use as an effective top-
ical repellent against a wide range of mosquito spe-
cies belonging to various genera.
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